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ABSTRACT

Assessing the impact of elevated atmospheric CO; concentration
on the global environment is hampered due to a lack of understanding
of global C cycling. Carbon fixed within plant biomass ultimately
enters the soil via plant residues, but the effects of efevated-CQO;-grown
plant material on decomposition rates and ‘long-lerm soil C storage
are unknown. The objective of this study was to determine the decom-
position rate of plant residues grown under an elevated CO; environ-
ment as affected by soil type. Cotton (Gossypium hirsutum L. ‘Deita
Pine 77") samples were collected from a free-air CO; enrichment (550
pL L-*) experiment. The plant residues were incubated under ambient
CO; conditions to determine decomposition rates of leaves, stems, and
reots and potential N and P mineralization-immobilization in three
soil series: a Blanton loamy sand (loamy siliceous, thermic Grossarenic
Paleudult), a Decatur silt loam (clayey, kaolinitic, thermic Rhodic
Paleudult), and a Houston clay loam (very fine, montmorillonitic Typic
Chromudert). No significant difference was observed between plant
residue grown under CO; enrichment vs. ambient CO; conditions
for soil respiration or P mineralization~-immobilization. Significantly
greater net N immobilization was observed during the incubation in
all soil types for plant residue grown at elevated CO,. These resuits
indicate that while decomposition of plant residuc may not be reduced
by CO; enrichment, N dynamics may be markedly changed.

HERE IS NO DOUBT that the combined impact of
Tpopulation increases, industrial expansion, and de-
forestation has resulted in changes to the global environ-
ment. One important aspect of these changes is an in-
creased atmospheric CO, concentration (Holland, 1978,
Smil, 1985; Wameck, 1988), which is projected to dou-
ble in the next century (Bolin, 1986). However, estimates
of the probable influences of elevated CO- are hampered
by a lack of understanding of global C cycling. .

A central problem in understanding global C cycling
is the inability of scientists to account for the flow of C.
While sources of atmospheric CO; are well documented,
sinks for C are not, with an unknown sink of 2.2 X
10'5 g Cyr~' (Houghton et al., 1990; Schlesinger, 1991).
Tans et al. (1990) hypothesized that the surplus C is
being stored in terrestrial ecosystems as a result of_hxgher
plant productivity caused by elevated atmospheric CO,
levels (Kimball, 1983; Allen, 1990; Lekkerkerlg et al.,
1990). Carbon fixed within plant biomass ultimately
enters the soil via plant residues, where it may reside
for hundreds of years (Parton et al., 1986). Ultimately,
the rate and extent of turnover of organic C produced
in an elevated CO; environment will control C storage
in terrestrial ecosystems (Van Veen et ?l., 1991).

The decomposition of plant residue is dependent on
several plant, soil, and climatic conditions. Factors (con-
trolled by climate and soil conditions) include soil water
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content, soil temperature, soil pH, soil aeration, and
available nutrients, while factors controlled by plants
include age, size, lignin content, and the C/N ratio of
plant residue (Parr and Papendick, 1978; Ghidey and

‘Alberts, 1993),
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Carbon dioxide-induced changes in soil N dynamics
could also affect decomposition by reducing N availabil-
ity via alterations in the composition of plant residue
and soil C/N ratios. However, while the C/N ratio of
a plant residue grown under elevated CO, conditions is
usually higher, lower lignin/N and lignin/P ratios of the
plant residue will probably increase the decomposition
rate (Conroy, 1992). The decomposition rate of plant
residue assimilated under elevated CO, conditions thus
will probably depend on the specific chemistry of the
residue and on the supply of nutrients from exogenous
sources (Polglase and Wang, 1992). Therefore, the im-
pactof soil type on decomposition rates of plant materials
may have substantial importance on global-scale evalua-
tions of C cycling.

Few studies have attempted to measure the effects of
CO: enrichment of C cycling in terrestrial ecosystems.
In a growth chamber study, Lekkerkerk et al. (1990)
found that increased photosynthetic fixation with elevated
CO; resulted in a proportional increase in the distribution
of C to plant and soil compartments; thus, elevated COs
levels resulted in increased C input into soil. In a review
by Bazzaz (1990), it was suggested that decomposition
rates of plant residue from high-CO, environments would
be slower. However, no experimental evidence for this
hypothesis was given. Lekkerkerk et al. (1990) found
that elevated CO, levels led to a faster input of easily
decomposable root-derived C compounds to soil. Their
data indicated a net increase in soil organic matter when
wheat (Triticum aestivum L.) was exposedto 700 uL L-t,

Increased cotton biomass production under elevated
CO; concentration with FACE at the Maricopa, AZ,
location has been observed (Prior et al., 1994), including
residue components (leaves, sterus, roots) that will be
returned to the field. One study has suggested that these
increases have led to a small increase in the organic C
content of the soil but no difference in the organic N
content (Wood et al., 1994). Measures of the potential
C and N mineralization of the soil, however, indicated
that factors other than total biomass input were affecting
C cycling within the experimental FACE plots (Wood
et al., 1994).

The objective of this study was to determine the role
of soil type in controlling the decomposition rate of plant
residue grown under an elevated CO, environment. Plant
residue decomposition was evaluated by measuring mi-
crobial respiration and potential N and P mineralization-
immobilization in three soil types following amendment
with plant material. Leaf, stem, and root samples from

Abbreviations: FACE, free-air CO, enrichment; ET, evapotranspiration:
ANOVA, analysis of variance; LSD, least significant difference.
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plants exposed to two CO: levels (ambient, 360 pL L™,
enriched, 550 pL L~') were compared.

MATERIALS AND METHODS
Study Site

Cotton ‘Delta Pine 77" was grown at a field site logated at
the Maricopa Agriculture Center of the Univ. of: Arizona at
Maricopa, AZ (33°10'N, 112°0'W). Soil at the site is a Tr}x
clay loam (fine, loamy, mixed [calqareous], hyperthermic
Typic Torrifluvent). A FACE application system (Hendrey et
al., 1993) was used to achieve CO, exposure at the 550 pL
L-! level under field conditions. Cotton was grown under
ambient CO; conditions (360 pL L") also. Cotton was planted
on 23 Apr. 1990 with a 1-m row spacing and a final plant
population of 100 000 ha~'. Following chisel plowing, cotton
was planted into raised beds under dry soil conditions, then
irrigated with a subsurface drip irrigation system to a water
content approximating field capacity (=0.03 MPa). '

Following the initial water application, irrigation was applied
biweekly, with the application rate based ona target of returning
100% of ET based on pan evaporation measurements. Fertilizer
N was applied through the irrigation system at a ra_u‘: of 5.6
kg N ha"' wk~' for a total of 39.2 kg N ha=! yr~'. Other
cultural practices used were according to recqmmeqded farm-
ing practices for the area. Plant material used in the incubation
was collected on 17 Sept. 1990 as described by Prior et al.

(1994).

Sample Preparation and Incubation

Potential C, N, and P mineralization—immobilization were
quantified using techniques described by I\{adelhoﬂ'er (1990).
Briefly, a modified 150-mL Falcon filter unit (Model no. 7102
or 7103, Becton Dickinson Labware, Franklin Lakes, NJ).was
used as an incubation chamber. The filter units were modified
to allow both measurement of leaching of N and gas sampling
of CO, evolved during soil respiration. The upper chamber
of the filter units held the soil sample, while the lower chamber
(separated by a nondegradable glass fiber ﬁlter_ 5.5 cm in
diam. and 0.26 mm thick) collected leachate during leaching
procedures. ) ) ) ]

Twenty-gram (dry-weight basis) soil samples were we{ghed
into the microlysimeters along with 0.105 g qf: plant .rcSldue:s
that were mixed into the soil samples. In addition, microlysi-
meters containing only soil samples with no plant {esxdue
amendments were included. Microlysimeters containing no
soil or plant residue were included for background correction
during incubation measurements. '

Three soil series, a Blanton loamy sand, a Decatur silt loam,
and a Houston clay loam were used in the study. Soil _samp_les
were taken from the National Soil Dynamics Lab. engineering
soil bins (large soil containment facilities used for equipment
evaluation) where these soils had been continuously fallow
since 1966 (Bachelor, 1984). The soils were all formed under

Table 1. Chemical and physical characteristics of soils in this study.

humid climatic conditions and were chosen on the basis of
wide differences in physical and chemical characteristics (Table
1) but had been maintained with long-term fallow conditions
to limit the impact of previous plant residue additions.

Plant samples of leaves, stems, and roots, collected from
the FACE experiment as described by Prior et al. (1994),
were dried at 55°C (until weight loss was complete) and ground
to pass a 2-mm screen, Lint and seed were not included because
these plant parts typically are not returned to the field.

After soil and plant residue amendments, microlysimeters
were immediately preleached, evacuated with 0.06 MPa vac-
uum, and incubated in the dark at 25°C under ambient CO,
conditions. Air ports of the microlysimeters were open during
incubation to ensure aerobic conditions, and lids remained in
place tominimize soil water loss. Microlysimeters were leached
with 40 mL of 0.01 M CaCl, solution for determination of N
and P; the CaCl, solution was added to the microlysimeters,
allowed to equilibrate for =1 h, and evacuated with 0.06 MPa
vacuum,

To measure CO; evolution, microlysimeters were evacuated
with CO;-free air, sealed, and allowed to incubate at 25°C
for =1 hr. The CO; concentration of air samples collected
from the head space of microlysimeters was determined with
an ADC-225-MK3 CO; analyzer (Analytical Development Co.,
Ltd., Hoddesdon, England). Measurement of CO, evolution
and leaching was performed 13 times at 1, 2, 3, 6, 10, 14, 17,
24, 31, 38, 45, 52, and 59 d after initiation of the experiment.

In the analysis reported in Table 1, pH was determined
with a glass electrode (soil/water ratio, 1:1), organic and
inorganic C were determined with a Leco CR12 Carbon Deter-
minator' (Leco Corp., Augusta, GA; Chichester and Chaison,
1992), total N and total P were determined colorimetrically
on a Technicon Autoanalyzer, following digestion of soil by
a salicylic acid modification of a semimicro-Kjeldahl procedure
(Technicon Industrial Systems, 1976). Chemical attributes of
the plant residue are given in Table 2. Carbon and N were
determined with a Leco CHN-600 analyzer (Leco Corp.). Plant
concentrations of lignin, cellulose, hemicellulose, minerals,
and cell content were determined by the methods of Goering
and Van Soest (1970). Leachate was colorimetrically analyzed
for NO,-N + NO;-N, NH4~N, and P concentration using a
Technicon Autoanalyzer (Technicon Industrial Systems, 1973).

Increases in inorganic N or P concentration in the leachate
of plant-amended soils compared with nonamended soils were -
considered to have potential net N or P mineralization, while
decreases in inorganic N or P concentration in the leachate of
plant-amended soils compared with nonamended soils was
considered to have potential net N or P immobilization.

The experimental design was a completely random arrange-
ment with four replications. Treatments were three soil types,
two CO; levels, and three plant tissue types. Data were analyzed
using ANOVA procedures, and means were separated using

! Trade names and products are mentioned solely for information. No
endorsement by the USDA is implied.

Soil

Surface Total Organic Total
Series Subgroup texturef pH CECt N [+ P CaCO; Sand Silt Clay
cmol. kg~* gkg~! %
Blanton Grossarenic Paleudults Is 5.4 2 0.03 0.38 0.02 0.03 32.9 12.6 4.5
Decatur Rhodic Paleudults sil 5.9 9 0.05 0.49 0.05 0.06 18.8 54.9 26.3
Houston Typic Chromuderts cl 7.2 44 0.18 2.18 0.07 0.106 5.1 32.4 62.5

t1s = loamy sand; sil = silt loam; cl = clay loam.
t CEC = cation-exchange capacity.
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Table 2. Chemical characteristics of cotton plant residue utilized in this study.t
Celi
1 4 N C contentt Cellulose Hemicellulose Lignin Mineral C/N ratio
gkg™! g lo0g™!
Leaves
Ambient §7a 36a 37.1 a 46.9 a 23.6a 153 a 13.0 a 25.5a 104 a
FACE$§ 51a 3.0b 36.7b 53.1b 21.2 a 13.6 a 11.2 a 25.6a 122 b
Stems
Ambient i.8a 1.0b 42,5 a 226a 41.7 a 13.1a 22.6 a 9.7a 44,2 a
FACE 1.8 a 08a 42,6 a 24,0 a 40.1 a 13.3a 226 a 74 a 548b
Roots
Ambient 1.3a 0.6a 4.1 a 13.7a 41.7 a 148 a 26,7 a 2.6a 80.2 a
FACE 1.0 a 0.5b 44,1 a 18.5a 44.6 a 150 a 247 b 23a 84.1a

t Values represent means of four replicates. Values within a row followed by the same letter do not differ significantly (0.05 probability level).
$ Cellular content includes compounds such as proteins, starch, sugars, organic acids, and pectin.

§ FACE = free-air CO; enrichment.

a protected LSD method at a 0.05 probability level (SAS
Institute, 1982).

RESULTS

Results from chemical analyses of plant components
indicated that growth under elevated CO; levels affected
the tissue composition of cotton (Table 2). While the C
content of the plant parts was not affected by elevated
COa, the concentration of N in leaves, stems, and roots
was reduced under FACE relative to plants grown under
ambient CO; conditions. Other studies have also noted
reduced plant N concentrations in plants grown under
elevated CO; (Larigauderie et al., 1988; Conroy, 1992;
Coleman et al., 1993). This effect occurs regardless
of soil available N (Conroy, 1992). Lower tissue N
concentrations resulted in higher C/N ratios of both the
leaves and stems of cotton grown under elevated CO,
(Table 2).

Atmospheric CO; levels did not affect cell wall compo-
nents (cellulose, hemicellulose, and lignin) of shoots and
roots but did affect the lignin content of roots (Table 2).
Lignin content was significantly higher in roots of ambi-
ent CO;-grown plants than in plants grown under FACE
treatment. A significantly higher concentration of cellular
content compounds were found in FACE treatment plants
compared with the ambient CO, treatment for leaves,
with a similar trend (P < 0.13) for roots.

Soil Respiration

No significant main effect or interaction effect for CO,
concentration treatment was observed for soil respiration.
Soil respiration was significantly affected by both plant
part and soil type, with a significant interaction between
plant part and soil type also observed. In general, soil
respiration rates were greatest during the first 6 d of the
incubation (Fig. 1). After this period, soil respiration
slowly declined until it approached levels of nonamended
soils. Short-duration increases in soil respiration were
also observed during several periods of the incubation
(i.e., day of incubation 14, 24, and 45).

Soil type influenced the degree to which soil respiration
rates changed during the incubation. In the clay loam
soil, soil respiration rates remained relatively high
throughout the incubation from amended and non-

amended soils, ranging from 2.5 to 24.1 mg C kg~! soil
min~! (Fig. la). During the first 17 d of incubation,
the leaf-residue-amended soils maintained higher soil
respiration rates than either stem- or root-amended soils,
with an average soil respiration rate during this period
of 15.6, 10.0, and 7.9 mg C kg~! soil min~"' for leaf,
stem, and root amendments, respectively. After 24 d,
stem-amended soils had higher respiration rates (11.8
mg C kg~! soil min~'), and by Day 52, root amendments
produced the highest respiration rates (7.5 mg C kg™'
soil min~'). In the clay loam soil, short-duration increases
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Fig. 1. Soil respiration during incubation of a clay loam, a silt loam,
and a loamy sand soil following addition of leaf, stem, root, or no
cotton plant residues (biank), averaged across CO; treatments.
Treatment LSD bars are for a = 0,05 level.
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in soil respiration were observed at Days 14, 24, and
45 for all plant parts.

In the silt loam soil, CO; evolution rate was signifi-
cantly different for the plant parts during the first 7 d
of incubation (Fig. 1b). During this period, the highest
rates of soil respiration were from leaf-amended soils,
followed by stem-, root-, and nonamended soils, with
soil respiration rates averaging 11.4,5.0, 3.7,and 3.2 mg
C kg~ soil min~! for leaf-, stem-, root- and nonamended
soils, respectively. After this period, leaf-amended soils
sustained a higher soil respiration rate until Day 59.
Beyond the first week of incubation, only small differ-
ences distinguished stem- from root-amended soils (be-
tween 1.2 and 3 mg C kg~! soil min~'), and at Day
59, little difference between soil respiration rates of
plant-residue-amended soils and nonamended soils were
detectable =~ 1.4 mg C kg~' soil min~'). Short-duration
increases in soil respiration were observed on Days 14
and 24 for the leaf-residue-amended soils only.

After an initial pulse, the loamy sand soil respiration
rate fell to a level much lower than the other soil types
and did not vary throughout the remainder of the incuba-
tion (Fig. 1c). Leaf amendments had the highest initial
soil respiration rates of 12.5 mg C kg~! soil min~',
compared with stem amendments of 3.1 mg C kg~! soil
min~' and root amendments of 3.0 mg C kg~ soil min~'.
Little difference was observed between root and stem
during most of the incubation (between 1.0 and 3.0 mg
C kg~ soil min~'), with these samples maintaining levels
only slightly above that of the nonamended soils. After
38d of incubation in the loamy sand soil, all plant material
produced the same rates of soil respiration (=2.0 mg
C kg~! soil min~"). In this soil, the short-duration in-
creases in soil respiration were observed for the leaf-
amended soil on Day 14 only.

Overall, soil respiration of leaf-amended soils ex-
ceeded that of root- or stem-amended and was least for
root-amended soils (Fig. 1). This generally is consistent
with the expected rate of decomposition based on C/N
ratios, with the lowest C/N ratio for leaf residue and
the highest for roots (Table 2). When averaged across
sampling dates, however, no significant difference in soil
respiration was observed between plant residues grown
at elevated and ambient CO; concentrations (Fig. 2).
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Fig. 2. Soil respiration rates during incubation of free air CO; enrich-
ment (FACE) and ambient cotton plant residue amended soils,
averaged across soil type and plant residue type. Treatment L.SD
bars are for a = 0.05 level.
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This finding contradicts predictions of decomposition
rates based on C/N ratios alone (Table 2), Evidently,
the quality of the residue grown under FACE (as evi-
denced by a higher concentration of easily decomposable
compounds, Table 2) was sufficient to negate the impact
of higher C/N ratios of the plant residue. This is consis-
tent with the findings of Wood et al. (1994), which
indicated that factors such as quality of plant residue
produced under FACE conditions affected C cycling.

. The response of plant residue decomposition was not
simply a function of the organic C content of the soils.
When CO; emission rates were calculated based on the
C content of the soil rather than on a sojl dry-weight
basis, significant differences between soil types for soil
respiration were observed. However, the order for soil
respiration rates between treatments changed, with silt
loam > loamy sand > clay loam soil for CO, emission.
Average soil respiration rates of 787, 569, and 376 mg
CO:-C kg™' organic C min~' were observed for silt
loam, loamy sand, and clay loam, respectively. These
fiata indicate that most of the microbial activity occurred
in the new plant residue and that the nutrient-supplying
power of the soil may be very important to the decomposi-
tion rate of plant residue,
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Fig. 3. Inorganic N concentration in leachate during soil incubation
of a clay loam soil following addition of leaf, stem, root, or no
cotton plant residue (blank). Treatment LSD bars are for q.’= 0.05
level (FACE = free-air CO; enrichment),
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Net Nitrogen and Phosphorus
Mineralization-Immobilization

The release of soluble P into soil solution (as measured
by P concentration in leachate) was very small and ranged
from 0 to 0.36 mg P kg~! soil (data not shown). No
significant difference in the P concentration between CO,
treatment or soil types was observed. The average P
concentration in leachate was 0.1, 0.06, and 0.08 mg
P kg~! soil for clay loam, silt loam, and loamy sand,
respectively. '

Net N mineralization-immobilization was measured
as the amount of inorganic N released into soil solution
by combining NO3;-N and NH,-N in leachate samples.
However, most of the inorganic N in leachate was in
the NOs-N form. The NH4-N fraction of leachate was on
average = 15% of total inorganic N and was significantly
affected by plant parts only (data not shown).

Net N mineralization-immobilization, as observed
with C mineralization, was significantly affected by soil
type and plant part; a significant soil type X plant part
interaction was also observed. However, unlike C miner-
alization, net N mineralization~immobilization was also
significantly affected by the CO; level at which plants
were grown. There were significant CO; X plant part
and CO; X soil type interactions with total inorganic N
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concentration. Such treatment effects were also observed
for several individual sampling periods.

In general, the highest net N mineralization rates oc-
curred in clay soils amended with plant residue. In all
soil types, leaf tissue amendments led to the highest
associated solution N contents (Fig. 3-5). After initial
leaching, net N immobilization occurred, with the con-
centration of inorganic N in the leachate dropping to a
level near or below the nonamended soil level in all soil
types and for all plant residue amendments. For stem
and root amendments, net N immobilization continued
for the duration of the incubation, with the concentration
of inorganic N remaining below the level of nonamended
soil. However, after 10 to 15 d of incubation, net N
mineralization was observed in all three soils receiving
leaf residue. Only after 31 d in the clay loam soil did
the inorganic N concentration of soils amended with
stem and root residue begin to rise, until little difference
between plant-residue-amended soil and nonamended soil
was observed. With the clay loam soil, the decomposition
of even high C/N ratio plant residue occurred at a rate
fast enough to release N by the end of the incubation
period (52.d). :

This rate of net N mineralization-immobilization
would be expected with the C/N ratios of the plant
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Fig. 5, Inorganic N concentration in leachate during soil incubation
of a loamy sand soil following addition of leaf, stem, root, or no
cotton plant residue (blank). Treatment LSD bars are for a = 0,05
level (FACE = free-air CQO; enrichment).
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residue. In general, N mineralization can be expected
from plant residue with C/N ratios below 20:1 and
immobilization with plant residue of C/N ratios of
33:1 or greater. The highest rate of net N mineralization
occurred in the clay loam soil, and the lowest rate was
observed in the loamy sand soil. Initiation of net N
mineralization with leaf residue amendments was also
controlled by soil type. Mineralization occurred after
10, 14, and 17 d of incubation for clay loam, silt loam,
and loamy sand soils, respectively.

The source of plant residue (FACE or ambient) also
significantly affected the net N mineralization-immobili-
zation. The total amount of inorganic N released during
the incubation for all plant residue types was significantly
greater for the ambient-grown plant residue compared
with the FACE-grown residue in all three soils (Table
3). In addition, significantly higher rates of net N mineral-
ization were observed for ambient plant-residue-amended
soils at several of the individual sampling periods during
the incubation (Fig. 3-5). For example, after 10 d of
incubation of the clay loam soil, ambient leaf-residue-
amended soil began N mineralization (Fig. 3), while N
mineralization in the FACE leaf-residue-amended soil
did not begin until after 17 d and remained lower com-
pared with the ambient leaf-residue-amended soil
throughout the 52 d of incubation. Likewise, net N
mineralization with ambient leaf-residue-amended silt
loam and loamy sand soils was initiated sooner and
was maintained at levels generally above that of FACE
leaf-residue-amended soil for the duration of the incuba-
tion (Fig. 4 and 5). o

In general, the net N mineralization-immobilization
rates followed the same pattern as C mineralization. As
with soil respiration, the highest rate of net N mineraliza-
tion was observed in clay loam soil amended with leaf
tissue (Fig. 1 and 3). This indicated that the rate of soil
respiration may be controlled by the available N content
both in the soil and in the decomposing plant residue.
This is consistent with findings of Wood et al. (1994),
which indicated that during the first 30 d of FACE soil
incubation, N limitation to microbes due to N immobili-
zation may have limited C mineralization.

Table 3. Total inorganic N content of leachate sampled during
incubation.

Blank Leaves Stems Roots
gkg™'
Houstont
Ambient 28.0 60.2 19.1 8.2
F.Z]C;;; 48.7 10.5 8.9
Decaturt
bient 1.7 20.4 2.5 4.2
é;ncgg ‘154 1.4 1.4
Blantont
Ambient 6.9 25.4 2.7 6.6
F;nCEi 17.1 2.3 5.6
LSD (any two means) 3.97

t Houston is a clay loam, Decature is a silt [oam, and Blanton is a loamy

sand. ]
+FACE = free-air CO; enrichment.

DISCUSSION

Several contradictory hypotheses addressin g the poten-
tial for C storage in terrestrial ecosystems have been
forwarded. The well-documented increase in C/N ratio
with elevated CO; has led to the hypothesis that decompo-
sition rates in an elevated CO; environment will be slower
(Bazzaz, 1990) and will limit plant response to CO,
enrichment and long-term C storage .(Strain and Cure,
1985). Lamborg et al. (1984) have argued that increased
soil microbial activity due to greater biomass C inputs
in an elevated-CO, world could lead to increased soil
organic matter decomposition (i.e., the “priming effect”),
and therefore, atmospheric CO; enrichment would not
result in accumulation of soil organic C. Alternatively,
Goudriaan and de Ruiter (1983) proposed that increased
soluble, easily decomposed C inputs as a consequence of
higher atmospheric CO, could accentuate soil microbial
substrate preference mechanisms. They further specu-
lated that preference for easily decomposable substrates
would retard the decomposition of plant debris and native
soil organic matter. The end result of their scenario
would be an accumulation of soil organic matter, To
date, none of these hypotheses has been proven.

Results from this study indicate that differences in soil
type will exert an important control on decomposition
rates of plant residue when plants are produced at elevated
CO:. The rate of decomposition seems to be controlled
by the ability of the soil to supply nutrients (especially
N). as indicated by the change in the relative order of
C emission when corrected for C content of the soil.
The capacity of the soil to supply nutrients not only
increased the rate of soil respiration but also increased
the amount of perturbations in soil respiration. This was
observed in the number of short-duration increases of
CO. emissions measured in the plant residue with higher
N content (leaf) and with the soil type with highest N
content (clay loam),

This work further indicates that, contrary to the effect
commonly hypothesized, decomposition rates of plant
residue grown under elevated COz, though having higher
C/N ratios, may not decompose at slower rates. Increased
levels of easily decomposable components (Table 2) com-
pensated for higher C/N ratios, resulting in similar de-
composition rates among residue from different CO,
treatments. The slower decomposition rates predicted by
higher C/N ratio alone assume a constant distribution
of C to different plant and cellular components. Under
ambient CO, conditions, when an increase in C/N ratio
occurs, a corresponding increase in microbially resistant
plant constituents also occurs, However, with the cotton
plant residue grown under elevated CO;, the C/N ratios
increased but the proportion of plant residue resistant to
microbial decomposition tended to decrease or was not
changed. Likewise, plant components not resistant to
decomposition, such as sugars and proteins, either in-
creased or were not changed with the FACE CO, treat-
ment compared with the ambient CO, treatment (Ta-
ble 2).

While the C/N ratio made a difference in the rate of
soil respiration between soils amended with different
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plant residues, for soil respiration within a given plant
residue, the C/N ratio had no effect. This was most
likely because within plant residues, the supply of N
was not changed in proportion to the amount of N needed
for the amount of C energy supplied. With the plant
residue from the ambient CO; treatment, N content was
in excess of that needed for microbial decomposition as
measured through soil respiration. Therefore, as decom-
position progressed, this excess N was released. With
the FACE plant residue, N content was present at a level
sufficient for microbial needs in proportion to the C
energy available in the plant residue, therefore less N
was released. : -

While soil respiration rates of residue-amended soils
were essentially the same for ambient compared with
FACE, it can be speculated that increased storage of C
in soil may occur at elevated atmospheric CO; concentra-
tion. Since decomnposition of plant residue proceeded at
similar rates, increased storage is likely with increased
production. These speculations, however, do not con-
sider the potential of a “priming effect” as did Lamborg
et al. (1984).

While soil respiration was not impacted by amendment
of soils with residue grown under different CO» concen-
trations, the net N immobilization-mineralization rates
of amended soils were impacted. As pointed out by Strain
and Cure (1985), plant response to CO; fertilization may
be lirnited by N immobilization in an elevated-CO, world,
The N mineralization data from this study indicate that
N cycling in the terrestrial ecosystem may very ‘welll
determine increased soil C storage. This, in turn, indi-
cates that any effort to model soil C storage on a global
scale should also consider N cycling dynamics. However,
C cycling models predicting more storage based on the
higher C/N ratio of plant residues alone are not correct.
Fundamental changes in plant structure and cellular com-
position under elevated CO, must also be considered as
well. . _

These data indicate that potential N limitations in the
decomposition of residues resulting from an elevated
CO; level may be greatest in soils with low soil N

availability and slow rates of N mineralization. Since

the results of this study demonstrate differences in plant
part decomposition, the management of plan.t residues
following harvests in future elevated-CO, environments
deserves further consideration. For example, if signifi-
cant increases in N immobilization occur in a future
elevated-CO; environment, then increased N fertilization
rate (or other management techniques) may be necessary
to maintain crop production.
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